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the assimilation of nutrient from this die-
tary fiber. Thus, in a study on efficiency of
food utilization MaRTINO (2000) found that
in spite of the high fiber/protein ratio of
B. unioloides its apparent digestibility
(NDF) was high (0.81 £0.04). Selection of
grasses was also reported for the rodent La-
gostomus maximus by BRaNcH et al. (1994).
Assuming food quality is correlated with
the amount of annual forbs in the diet,
these authors suggested, that grasses may
provide essential dietary fiber to maintain
caecum motility and the appropriate micro-
bial environment in the hindgut.

According to optimal-foraging models, plant
defenses (e.g.. structural, digestive-inhibit-
ing chemicals, toxic chemicals, and nutri-

Zusammenfassung

tional content) may be effective in reducing
their intake by mammalian herbivores (BE-
LovskYy and ScHMITz 1994). For example,
Hydrocotile bonairensis, which was not pre-
ferred by C. talarum, belongs to a genus
known to contain relatively high concentra-
tions of phytotoxins (JUSCAFRESA 1975).
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Auswahl und Bevorzugung von Nahrung bei Ctenomys talarum (Tuco-Tuco)

In der Studie wurde die Auswahl und die Bevorzugung von Futterpflanzen bei C. talarum unter-
sucht. Um die Auswahl zu schédtzen wurde die oberirdische Biomasse der Futterpflanzen bestimmt,
und die Zusammensetzung der Nahrung im Mageninhalt mittels mikrohistologischer Technik
geschatzt. Die Bevorzugung von Futterpflanzen wurde mit Cafeteria-Experimenten im Laboratorium
untersucht. C. talarum verhielt sich als ein Generalist und Opportunist durch Nutzung der meisten
Arten, dndert die Nahrungswahl aber gemdR Verfiigbarkeit. Oberirdische Pflanzenteile wurden ge-
geniiber unterirdischen Teilen oder Bliiten bevorzugt. Gréaser bildeten 94% der oberirdischen Teile.
Die Nahrung vom Tuco-Tuco variierte zwischen den Geschlechtern. Mannchen verhielten sich selek-
tiver als Weibchen. Die Cafeteria-Experimente zeigten auch, dal® C. talarum oberirdische Teile der

Gréser gegeniiber den iibrigen bevorzugt.

References

ANDERSEN, D. C. (1987): Geomys bursarius bur-
rowing patterns influence of season and food
patch structure. Ecology 68, 1306-1318.

BeLovsky, G. E.; Scumirz, O.J. (1994): Plant de-
fenses and optimal foraging by mammalian
herbivores. J. Mammalogy 75, 816-832.

BRraNcH, L. C.; VILLARREAL, D.; SBRILLER, A. P;
Sosa, R. A. (1994). Diet selection of the
plains vizcacha (Lagostomus maximus, family
Chinchillidae) in relation to resource abun-
dance in semiarid scrub. Can. J. Zool. 72,
2210-2216.

BRETT. R. A. (1991): The ecology of naked Mole-
Rat colonies: burrowing, food, and limiting
factors. In: The Biology of the Naked mole-
rat. Ed. by P. W. SHERMAN, J. U. M. Jarvis, and

R. D. ALEXANDER. Princeton. New Jersey:
Princeton University Press. Pp. 137-184.

BuiaLska. G. (1983): Dynamics and regulation of
the population in ecology of the bank vole.
Acta Theriol. 28, 148-160.

BuscH, C.; ANTINUCHI, C. D.; DEL VALLE, J. C.;
KITTLEIN, M. J.; MALIZIA, A. 1.; VasALLO, A. 1;
Zenuto, R. R. (2000): Population ecology of
subterranean rodents. In: Biology of Subterra-
nean Rodents. Ed. by E. A. Lacky, J. M. Par-
ToN, and G. N. CameroN. Chicago, Illinois:
Chicago Press. Pp. 183-226.

COMPARATORE, V. M.; CIp, M. S.; Busch, C. (1995):
Dietary preferences of two sympatric subter-
ranean rodent populations in Argentina. Rev.
Chil. Hist. Nat. 68, 197-206.



Feeding selectivity and food preference of Ctenomys talarum (tuco-tuco)

COMPARATORE, V. M.; MACEIRA, N. O.; BuscH, C.
(1991): Habitat relations in Ctenomys talarum
(Caviomorpha, Octodontidae) in a natural
grassland. Z. Sdugetierkunde 56, 112-118.

GOERING, H. K.; vaN Sogsr, P. J. (1970): Forage fi-
ber analyses (apparatus, reagents, procedures,
and some applications). Agric. Handbook
379. Washington, D. C: Agriculture Research
Service, United States Department of Agri-
culture.

GORNALL, A. C; BarDWILL, C.J.; Davib, M. M.
(1949): Determination of serum protein by
means of biuret reaction. J. Biol. Chem. 177,
751-766.

HerH, G.; GOLEMBERG, E. M.; NEevo, E. (1989):
Foraging strategy in a subterranean rodent,
Spalax ehrenbergi. A test case for optimal
foraging theoly. Oecologia 79, 617-622.

HoLECHEK, J. L; Vavra, M.; Pieper, R. D. (1984):
Methods for determinating the botanical
composition, similary and overlap of range
herbivore diets. In: Developing Strategies for
Rangelands Managements. Ed. by National
Research Council, National Ac. Science.
Boulder: Westview Press. Pp. 425-469.

Iriius, A. 1.; Gorpon, 1. J. (1993): Diet selection
in mammalian herbivores: constraints and tac-
tics. In: Diet Selection. An Interdisciplinary
Approach to Foraging Behavior. Ed. by
R.N. Huches. Oxford: Blackwell Scient.
Publ. Pp. 157-181.

JUSCAFRESA, B.  (1975): Enciclopedia ilustrada
Flora medicinal, toxica, aromatica, condimen-
ticia. Aedos, Barcelona: Editorial Aedos.

KRUEGER, W. C. (1972): Evaluating animal forage
preference. J. Range Manage. 25, 471-475.

MADOERY, L. A. (1993): Composicion botédnica de
la dieta de tuco-tuco (Ctenomys mendocinus)
del piedemonte precordillerano. Ecologia
Austral 3, 49-55.

MarTINoO, N. S. (2000). Respuestas nutricionales a
corto plazo en Ctenomys talarum (Rodentia,
Octodontidae). Tesis de Licenciatura, Univer-
sidad Nacional de Mar del Plata, Buenos
Aires. Argentina.

NEevo, E. (1979): Adaptative convergence and di-
vergence of subterranean mammals. Ann.
Rev. Ecol. Syst. 10, 269-308.

NEvo, E. (1991): Evolutionary theory and process
of active speciation and adaptive radiation in
subterranean Mole Rats, Spalax ehrenbergi
superspecies, in Israel. Evol. Biol. 25, 1-125.

NORBURY, G. L.; SansoN, G. D. (1992): Problems
with measuring diet selection of terrestrial,
mammalian herbivores. Aust. J. Ecol. 17, 1-7.

173

PHILLIPSON, J.; SARRAZIN CoOMANS, M.; STOMATO-
pouLos, C. (1983): Food consumption by Mi-
crotus agrestis and the unsuitability of faecal
analysis for the determination of food prefer-
ence. Acta Theriol. 28, 397-416.

REIG, O. A. (1970): Ecological notes on the fossor-
ial rodent Spalacopus cyanus (Molina). J.
Mammalogy 51, 592-601.

RESZUTEK, M. J.; CaMmEroN, N. G. (1998): Influ-
ence of resource removal on demography of
attwater’s pocket gopher. J. Mammalogy 79,
538-550.

Sparks, D.; MALECHEK, J. C. (1968): Estimating
percentage dry weight in diets using a micro-
scopic technique. J. Range Manage. 21, 264—
265.

STEPHENS, D. J.; KRrEBS, J. R. (1986): Foraging the-
ory. In: Monographs in Behavior and Ecology.
Ed. by J. R.KgreBs and T. CLUTTON-BROCK.
Princeton. New Jersey: Princeton University
Press.

STUEBE, M. M.; ANDERSEN, D. C. (1985): Nutri-
tional ecology of a fossorial herbivore: protein
N and energy value of either caches made by
northern pocket gophers, Thomomys tal-
poides. Can. J. Zool. 63, 1101-1105.

VLEck, D. (1979): The energy cost of burrowing
by the pocket gopher Thomomys bottae. Phy-
siol. Zool. 52, 122-136.

WiLLiams, L. R; CaMEroN, G. N. (1986): Food ha-
bits and dietary preferences of Attwater’s
pocket gopher Geomys attwateri. J. Mammal-
ogy 65, 216-265.

WiLLiams, O. B. (1969): An improved technique
for identification of plant fragment in herbi-
vore faeces. J. Range Manage. 22. 51-52.

Woobs, CH. A. (1984): Histricognath rodents. In:
Orders and Families of Recent Mammals of
the World. Ed. by S. ANDEersoN and
J. K. JoNgs. New York: John Wiley. Pp. 389-
446.

ZAR,J. H. (1984): Biostatistical Analysis. Inc.
Englewood Cliffs. New Jersey: Prentice-Hall.

Authors’ addresses:

JuaNA C. DEL VALLE, MARfA 1. LOFHELT, VIVIANA
M. CompARATORE, and CRISTINA BuscH, Departa-
mento de Biologia, Universidad Nacional de Mar
del Plata, C.C. 1245, Mar del Plata, (7600), Pro-
vincia de Buenos Aires, Argentina,

(e-mail: delvalle@mdp.edu.ar); Sivia Cip, Facul-
tad de Ciencias Agrarias, Universidad Nacional
de Mar del Plata, C.C. 276, (7629) Balcarce, Pro-
vincia de Buenos Aires, Argentina.



Mamm. biol. 66 (2001) 174-177
© Urban & Fischer Verlag
http://www.urbanfischer.de/journals/mammbiol

Short communication

Bullate stapedes in

Mammalian Biology

Zeitschrift fiur Saugetierkunde

some phalangeriform marsupials

By M. R. SANCHEZ-VILLAGRA and SIRPA NUMMELA

Zoologisches Institut, Universitat Tiibingen, Tiibingen, Germany and
Department of Ecology and Systematics, University of Helsinki, Finland.

Receipt of Ms. 06. 10. 2000
Acceptance of Ms. 12. 12. 2000

Key words: Marsupialia, possums, ossicles, stapes, ear

Stapes form varies considerably among
mammals and has been a disputed topic in
morphology-based mammalian systematics
(Novacek and Wyss 1986; Rose and Emry
1993; GAUDIN et al. 1996). One particular
specialization that has received recent atten-
tion (WILKINS et al. 1999) is the bullate form
of the stapes’ footplate. A bullate stapes pos-
sesses ‘a highly convex hollow footplate that
protrudes into the vestibule of the inner ear’
(WILKINS et al. 1999), instead of being flat or
nearly flat like in most mammals. This situa-
tion was first reported by HyrtL (1845) for
the common ring-tailed possum Pseudo-
cheirus peregrinus (= ‘Phalangista cooki’, Pe-
tauridae, Marsupialia). Subsequent to this
work, other authors have described this ana-
tomical specialization in several phylogeneti-
cally distant eutherian mammals (DoRAN
1878; SEGALL 1971; BurDA et al. 1992; WiL-
KINS et al. 1999 and references therein). Con-
trary to the statements of WILKINS et al.
(1999), P. peregrinus is not the only marsu-
pial showing a bullate stapes. SEGaLL (1971)
reported (but did not illustrate) this for the
feathertail glider, Acrobates pygmaeus (Ac-
robatidae, Diprotodontia).

During the course of our studies on the evo-
lution of ear ossicles in marsupials, we ex-
amined the stapes in more than 70 speci-
mens representing 26 species in  eight
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‘families’. In all cases the stapedial footplate
was flat and not bullate, with the following
three exceptions (Fig.1): the brush-tailed
opossum, Trichosurus vulpecula (n =13);
the grey cuscus, Phalanger orientalis (n = 2);
and the spotted cuscus, Spilocuscus macula-
tus (n = 1). Of these three taxa, T vulpecula
shows this feature most marked, followed
by §. maculatus. In T. vulpecula, the depth
of the footplate equals that of the crural
portion of the stapes, while in the other two
taxa the proportion is smaller.

Some other marsupial taxa in addition to
those mentioned above have a somewhat
bullate stapes. SEGALL (1971: 34) reported
that in Petaurus norfolcensis ‘the vestibular
surface of the plate is only slightly convex.’
FLEISCHER (1973: 142) noted in his descrip-
tion of the stapes of Petaurus breviceps that
‘...seine Basis ist geringfiigig ins Vestibu-
lum vorgewdlbt.” The condition in these
species of Petaurus approximates that de-
scribed here for Phalanger orientalis, as
confirmed by examination of a specimen of
Petaurus breviceps (SM-64418). Several eu-
therians have a convex footplate that ap-
proximates the bullate condition, e.g. Sus
and Cynocephalus (DoraN 1878; RosE and
Emry 1993). These cases illustrate well the
fact that the definition of a bullate stapes is
to some extent a matter of evaluation.
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Fig. 1. Stapes of left) Trichosurus vulpecula (WM-pers.coll.) center) Phalanger orientalis (SM-54981) and right)

Spilocuscus maculatus (SM-5610). Scale = 0.5 mm.

All the marsupial taxa for which a bullate
stapes is reported here and elsewhere are
phylogenetically close and taxonomically
ordered within the Phalangeriformes
(KirscH et al. 1997). The stapedes of other
members of this group were studied by SE-
GALL (1971), including Pseudocheirus her-
bertensis, Petauroides volans, and Dactylop-
sila trivirgata, and in no case did this
author mention any peculiarity in their
stapes. Plotting the distribution of bullate
stapedes in the phylogenetic tree of Phalan-
geriformes based on DNA-hybridization
studies by Kirscu et al. (1997), it is obvious
that the bullate condition (at least in its
marked form) has either evolved independ-
ently in several taxa, or has been lost inde-
pendently if present in the last common
ancestor of Acrobates and the other Phalan-
geriformes.

In addition to the adult macerated skulls,
we examined histologically prepared speci-
mens of several South American and Aus-
tralasian marsupial taxa. Most species are
represented by pouch-youngs, in some cases
complete developmental series were exam-
ined (for a complete list, see SANCHEZ-VIL-
LAGRA 2001). Among the species showing
bullate stapes as adults, T. vulpecula was re-
presented by two specimens.

An early pouch-young of Trichosurus vulpe-
cula shows already a prominently outbulging
footplate of the stapes that protrudes into the
inner ear (Fig. 2), a condition that persists in
the adult. Of all other taxa examined, only an
early pouch-young of the eastern quoll, Da-
syurus viverrinus also shows this condition.
Adults of this species, as well as other adults
of the Dasyuromorpha (ARCHER 1976) do not
show this feature. For comparison, a pouch-
young of Perameles sp. with the plesiomorphic
marsupial condition of the stapes’ footplate is
shown in figure 2. In the specimens illustrated,
the ear ossicles are in a blastemous, pre-carti-
laginous stage. Much remodeling and growth
takes place in the ear ossicles between these
stages and adulthood.

The eutherians showing the most pro-
nounced bullate stapes are rodents belong-
ing to the Heteromyidae and Geomyidae,
with highly derived middle ears and special-
ized to low-frequency hearing. Of all mar-
supials possessing bullate stapedes, only for
Trichosurus vulpecula there has been an
(electrophysiological) audiogram published
(Gates and AITkiN 1982). Even though
T. vulpecula does not have similar hearing
abilities to those of the desert rodents men-
tioned above, an interesting departure from
the few other marsupials (phylogenetically



